Background: Substantial challenges have been reported in China in terms of the large number of adult patients with strabismus and their poor quality of life. Quality of life is a cultural concept that varies according to personal feelings and perceptions, and it is influenced by physical, psychological and social factors. However, to date, there has been no mixed-method research of the quality of life of Chinese adult patients with strabismus, and no conceptual model has been reported. This study aimed to utilize mixed methods to explore the influence of strabismus on health-related quality of life in Chinese adult patients and to develop a conceptual model. Methods: Thirty adult patients with strabismus from three tertiary hospitals in China participated in the interview. In-depth one-to-one interviews were semi-structured and addressed strabismus-related symptoms and the impacts on the participants' quality of life. Transcripts were analysed to identify themes. A self-designed questionnaire was distributed to 448 patients, 437 of whom returned valid questionnaires. Descriptive statistics and x 2 test were conducted. Results: Five themes were revealed regarding the impact of strabismus on patient quality of life: appearance, daily activities, personal development, social interaction, and emotions. In the survey, the top three symptoms (n ≥ 70%) rated by the participants were monocular vision, eye fatigue and physical discomfort. Compared to those without diplopia, the patients who suffered diplopia more often reported experiencing the symptoms of blurred vision, monocular vision, physical discomfort, eye fatigue, cannot estimate depth well and increasing deviation size (all p < 0.05). Conclusions: This study is the first to examine quality of life among Chinese strabismus patients using both qualitative and quantitative methods and proposing a conceptual model. Symptom burden and appearance were the two original reasons for the decreased quality of life, and they were also the triggers for strabismus patients to visit clinics and undergo surgery. The interventions to treat symptoms burden should be different between patients with and without diplopia.
Background
The concept of health-related quality of life (HRQoL) has attracted increasing popularity as an important patient-reported outcome, as it originates directly from individuals regarding their perceptions and feelings about health status [1] . The report of quality of life (QoL) generally helps health professionals and policy makers understand and evaluate whether a decision of treatment is cost-effective, as well as satisfactory to patients. QoL varies widely between people with the same illness and within an individual over time, as it is based on personal assessments and is influenced by physical, psychological and social factors.
A number of previous studies have demonstrated the reduced HRQoL in adult patients with strabismus, using either a qualitative or quantitative research design. A survey of the negative impacts of strabismus on patients older than 15 years was first reported in 1993 [2] , and it revealed patients' difficulties with self-image, employment seeking, interpersonal relationships, school, work and sports. In particular, those difficulties encountered in childhood were found to be intensified after reaching their teenage and adult years. A series of quantitative studies has also been conducted, such as the development of strabismus-specific questionnaires [3] [4] [5] [6] [7] [8] , the translation and validation of the questionnaires [9] [10] [11] [12] [13] [14] , the cross-sectional survey of QoL in strabismus patients [15, 16] and the identification of improved QoL after corrective surgery [17] [18] [19] [20] [21] [22] . However, there is a limited study narrative reported in terms of the QoL in adult patients with strabismus. We identified only one study that used in-depth interviews; Holmes et al. [23] explored how strabismus affected the everyday lives of adult patients. The interview was used to develop the Adult Strabismus Questionnaire (AS-20), therefore, the results were presented as percentages to show the most frequently occurring topics. It was also found that patients with diplopia had more complaints about appearance, eye contact and interpersonal relationships. WHO defines QoL as "an individual's perceptions of their position in life in the context of the culture and the value systems in which they live, and in relation to their goals, expectations, standards and concerns" [1] . Thus, cultural influence on QoL should be considered when interpreting HRQoL. From this perspective, it is reasonable to assume that Chinese adult patients with strabismus could have a different perception and understanding towards QoL due to the significant difference between Chinese and Western culture. In addition, China has a vast geographical profile, and there are 56 ethnic groups, therefore, the culture differs greatly from east to west. Generally, the eastern cities have more advanced development than the western cities, in terms of economy, health and education. The medical resources are more abundant, and patients receive better care. Studies are still lacking regarding the QoL among adult patients with strabismus in western China, although our previous research has developed and validated the Chinese version of AS-20 and surveyed the QoL among adult strabismus patients in the southwest [11, 14] . However, we still recognized that it was necessary to evaluate the QoL from a qualitative perspective because this approach was an informative method of performing an in-depth investigation into patients' views, while considering the context of culture. Qualitative and textual components could also assist researchers in identifying and clarifying concepts that were important when learning about the broader impact of strabismus.
Therefore, this study aimed to utilize a mixed-method to explore QoL in adult patients with strabismus who are living in the southwest of China and, thus, to inform the development of a conceptual model regarding QoL in strabismus. We anticipated that the conceptual model could provide readers a visual picture that clearly delineated the various concepts that were associated with the strabismus-specific QoL and represented links between the concepts. Moreover, the conceptual model could serve as a framework for ophthalmologists from which potential health intervention targets can be selected. Third, the model was expected to guide researchers' choice of what to measure and provide a context for how to interpret the findings. Conceptual models of the impact of strabismus on patient HRQoL have not been published to date.
Methods

Study design and settings
To capture a full picture regarding the quality of life in adult patients with strabismus and to develop a conceptual model, we conducted a mixed-method study. First, a qualitative study adopting one-to-one semi-structured interviews was performed. This descriptive exploratory approach aimed to explore a deep and cultural understanding of the feelings and experiences of the targeted population. Then, a self-designed questionnaire was distributed among a purposive convenience sample of adult patients with strabismus at three tertiary hospitals, which aimed to collect quantitative data to confirm the links between the themes that emerged in the in-depth interviews.
Participants
The in-depth face-to-face interviews were performed between May and July 2014, and the survey was conducted from June 2014 to Jan 2015 among adult patients with strabismus from three tertiary hospitals in the southwest of China. Strabismus patients who met the following inclusion criteria were recruited: (1) 18 years of age and older, (2) no previous strabismus corrective surgery, (3) no history of any eye-related surgery, (4) able to express themselves well, and (5) able to provide informed consent. Patients were ineligible if they had facial or ocular abnormalities or acute eye diseases that might have interfered with the study results. For the interview, the patients were purposely selected based on their demographic characteristics and clinical features to produce a heterogeneous sample. For the survey, all patients who met the inclusion criterion were invited by ophthalmologists or nurses. General information, including demographic data about age, gender, education, and socioeconomic status, and clinical features about types of strabismus and diplopia were recorded.
Instrument
For the survey, we adopted a self-designed questionnaire, based on the preliminary interview results. Two-rounds of the Delphi expert consensus method were used to evaluate the content validation of the questionnaire. The questionnaire included 10 items evaluating strabismus-related symptoms and 24 items regarding four aspects on the negative impacts of strabismus on QoL. The four aspects were appearance, daily activities, personal development and social interaction, respectively. A 5-point Likert-type rating score was utilized for each item. The lower the score, the greater the severity of the symptoms and impacts.
Data collection
A participant information sheet and verbal explanation were given, and all participants signed informed consent before the interview. The interviewer did not participate in the patient treatment, and participation (or not participating) did not impact the patients' treatments. Confidentiality was emphasized to ensure individual participants could not be identified through quotations and descriptions. A code name was used to represent each participant to protect their privacy. Ethical approval was obtained from the human ethics committee of the Amy Military Medical University. The data were collected in accordance with the Code of Ethics of the World Medical Association (i.e., the Declaration of Helsinki).
Following a literature review on QoL conceptual framework and HRQoL within strabismus patients, a semi-structure interview guide was developed specifically by the research group in consultation with an advisory group consisting of nursing experts on qualitative study, a senior ophthalmologist and head nurses specialized in strabismus. Interview questions were organized to explore participants' experience in terms of five dimensions: (1) strabismus-related symptoms, (2) the impacts of the symptoms on participants' studies, daily activities, career and social life, (3) strategies to cope with the impacts, (4) perceived barriers and facilitators to strabismus-related quality of life, and (5) participants' needs to improve strabismus-related QoL.
All interviews were conducted by the first author, who had received practice training for interviewing techniques. All interviews were held in a waiting room where privacy and comfort were guaranteed. Each interview was conducted face-to-face at a time convenient for each individual participant and audio-recorded with participants' permission. Interviews varied in duration from 30 to 60 min. At the start of each interview, the purpose of the study was explained using information statements, and written informed consent was obtained from each patient before participation. An open-ended question was first asked to inspire spontaneous brainstorming of strabismus-related experiences, to avoid the introduction of bias into the data. Meanwhile, elaboration and clarification probes were used on areas of interest to encourage participants to provide in-depth descriptions of their experiences and to explain and clarify their responses to questions (e.g., "Could you please tell me a bit more about ..." or "What did you mean by ..."). Before the end of the interview, the participants were debriefed by the interviewer and invited to take part in a post-surgery interview.
An invitation was given by ward nurses to eligible adult strabismus patients to fill out the questionnaires. After giving verbal and written instructions, the participants who agreed to take part in the survey were left alone in a waiting or treating room to complete the questionnaire.
Data analysis
All interview recordings were transcribed verbatim. Researchers listened to the recordings and read the transcripts repeatedly to ensure accuracy and to include relevant information from field notes (e.g., pauses, laughter, and overall mood of participants). The thematic analysis of the transcripts was conducted manually by two researchers, ZW and JZ. After the first three interviews, we constructed a start code book of broad categories, using both inductive and deductive approaches. An inductive reasoning allows the categories and themes to emerge as reading of transcript proceeds, while a deductive reasoning allows a further examination of the categories and themes, in relation to existing theory. Therefore, the study categories were generated through repetitive reading of the transcripts and by referencing the categories and themes addressed in the interview guide. ZW and JZ then independently coded the data for the remaining transcripts and discussed until agreement was reached. During analysis, we kept the possibility open to add any additional categories. All coded transcripts were reviewed multiple times, and new codes were added as appropriate and others were lumped together into broader categories. Saturation of themes was reached prior to the completion of 27 interviews; however, the interview continued to ensure a diverse sample, in terms of the patient demographics and disease features.
The software of Statistical Package for the Social Sciences (SPSS, Version 21.0) was adopted to analyse the numerical data. A descriptive data of headcounts and percent was produced regarding demographic information and clinical features. The differences on the reported symptoms were compared using the x 2 test between the strabismus patients with and without diplopia. All statistics were two-sided and fixed at a 5% level of significance.
Results
Thirty patients with strabismus participated in the semi-structured interview. As shown in Table 1 , the participants ranged in age from 18 to 65 years (mean age, 33.2 years). Most of the interviewees were young adults (n = 12) and middle-aged adults (n = 13). The participants predominately had a low education background of secondary school and below. Approximately one-third of the participants were unemployed. Two-fifths of the participants suffered from diplopia.
The questionnaires were distributed to 451 patients; and a total of 448 questionnaires were returned, with a response rate of 99.3%. Eleven of the questionnaires were not fully completed (missing data ≥30.0%). Thus, 437 (97. 5%) questionnaires were valid for further statistical analysis (mean age, 29.58 ± 11.24 years; range, 18~64). Table  1 shows that over 60% of the participants were under age 30. Only seventy-one (16.2%) reported an education level of university and above. Approximately 75% of the respondents claimed to have family support. A total of 260 (61.8%) of the patients had exotropic strabismus, and 160 (36.6%) suffered from double vision.
Self-reported strabismus symptoms
A list of the primary symptoms experienced by the interviewees is shown in Table 2 . The most commonly reported symptoms (n ≥ 50%) were blurred vision, monocular vision and physical discomfort (i.e., pain, redness, soreness and itch). Other common symptoms included eye fatigue, cannot estimate depth well, increasing deviation size, loss of sight on one eye, sensitive to light, and compensatory body posture. Less than 15% of the patients reported the symptom of limited visual field. Compared to those without diplopia, the patients who suffered diplopia reported more often reported the symptoms of "eye fatigue" (p = 0.02) and "cannot estimate depth well" (p = 0.02).
In the survey, the top three symptoms (n ≥ 70%) rated by the participants were monocular vision, eye fatigue and physical discomfort. Compared to those without diplopia, the patients who suffered diplopia reported more often reported the symptoms of "blurred vision", "monocular vision", "physical discomfort", "eye fatigue", "cannot estimate depth well" and "increasing deviation size" (all p < 0.05) ( Table 3 ).
Impact of strabismus on patients' HRQoL
Five themes were revealed regarding the impact of strabismus on the patients' HRQoL: appearance, daily activities, personal development, social interaction, and emotions. The conceptual model was developed according to the Wilson and Cleary model for health-related quality of life [24] . In-depth descriptions for each theme are shown below, with selected quotations from the patients.
Appearance
Due to asymmetry in eyes, over two-thirds (76%) of the participants mentioned the negative impact of strabismus on appearance; this impact was mentioned spontaneously by several participants, without being prompted. Participants also reported avoiding looking into a mirror or taking a photo because of feeling inferior about their appearance. This dissatisfaction with appearance reduced the participants' chance of getting a job or finding a partner; therefore, undergoing cosmetic surgery to correct unsymmetrical eyes was the top reason for young adults with strabismus to seek medical help.
"The most significant impact for me is appearance. as cooking, doing sports, driving, watching TV, and reading newspapers. Nine interviewees described failing to enjoy hobbies due to double vision. Some participants (30%) complained that double vision and poor eyesight were risk factors for falling and unintentional injuries. Over half of the male participants were upset about that they could not drive. Some were not allowed by law to obtain a driving licence, while others had to quit driving for safety reasons.
"My two eyes cannot focus on one point, so I often missed the hook that I was trying to hang something on. I thought that I had the right directions, but actually I missed the target….I gave up playing badminton and ping-pong since I cannot locate the ball exactly. It is also a pity that I am not allowed to drive a car." (Mr. P, a patient with diplopia, 42 yrs, married, forestry officer)
"It is very inconvenient and dangerous for me to ride a motorbike. There was a time when I was riding a motorbike; I suddenly saw two cars appearing in front of me. I fell down because I wanted to escape them. 
Personal development in education and career
Most participants (76%) discussed the limitations on personal development, in terms of educational and occupational opportunities. Seven interviewees mentioned that they could not choose a major that they would like to study, and half of the participants discussed the experience of not being treated equally when applying for a job position. Seven participants expressed their concerns about their working abilities, including difficulty finding work, reduced working hours and slower work speeds than people with normal eyesight. Three participants regretted that they had to abandon job promotions because of the low self-efficacy associated with strabismus. 
Social interaction
More than 20 participants showed a strong willingness to get involve in social activities, and they regarded the interaction with family and friends as a main source of happiness and life satisfaction; however, having strabismus had caused the interviewees to reduce or even avoid having social lives because of the social discrimination associated with strabismus, which normally presented in three manners: teasing and mocking, being misunderstood, and being hidden. First, it was common for strabismus patients to be mocked and teased by classmates, colleagues, teachers, and strangers. They were given awful nicknames due to strabismus. Seven participants experienced an updated conflict of quarrelling and fighting because they failed to tolerate tease or mock. Second, over one-third of the participants (36.7%) complained that their asymmetrical eyes were misunderstood as being unfriendly or impolite when they failed to control their eyes in the same direction. They tried to look straight at the people they were talking to, but their eye balls just went moved upward or to the other side. Third, five interviewees mentioned that they were hidden by others to avoid interpersonal activities with the strabismus patients. They assumed that it was because that strabismus was regarded as a kind of physical disability and that their appearance frightened others. "I felt so lonely because I could not find someone look like me. I did not know where I should go to talk about my unhappiness associated with my eyes. I went to internet and blogs. I joined a "disabled group", trying to find someone who could understand me." (Mr. E)
Emotions
All participants discussed the negative emotions resulting from strabismus. The emotions that most commonly complained were anxiety, sadness, and inferiority. Other emotional impacts were reported including angry, embarrassment and irritability. The anxious feelings came from four aspects: (1) worrying that the strabismus was getting worse, such as increasing deviation size and decreasing eyesight, (2) worrying that corrective surgery might cause blindness; (3) worrying about family or work affairs while taking surgery, (4) worrying about the negative impacts of strabismus on life (e.g., unemployment, safety risks, find a partner). The feelings of sadness and self-inferiority resulted from the disability of eyes and the tease associated with strabismus from others. "People will look down upon you because of my eyes. When people around you keep saying that you are "monster" "freak", when they kept laughing at you, you would feel inferiority in the end." (Mr. M, a patient without diplopia, 43 yrs, married, self-employed)
Correlation of the themes that emerged in the interview
The overall score of symptom items showed significantly adequate correlation with the scores of all other themes (r = 0.336~0.567, p < 0.05), except for the theme of "appearance" (r = 0.205, p < 0.05) ( Table 4 ). The score of "emotions" theme had significantly moderate to strong correlation with the scores of other four themes, with coefficients ranging from 0.340 to 0.784 (p < 0.01) ( Table 4 ). The theme of "social interaction" showed a statistically evident relationship with the theme of "appearance" (r = 0.570, p < 0.05), "daily activities" (r = 0.453, p < 0.05) and "personal development" (r = 0.587, p < 0.05) ( Table 4) . A significantly strong correlation was found between the themes of "daily activities" and "personal development" (r = 0.599, p < 0.05) ( Table 4) .
Differences in symptoms burden between patients with and without diplopia
Adult patients with diplopia reported significantly more negative symptoms compared to those without diplopia. The qualitative data revealed that strabismus patients with diplopia complained more than those without diplopia about eye fatigue (χ 2 = 5.63, p = 0.02) and the failure to estimate depth well (χ 2 = 5.57, p = 0.02) ( Table 2 ). As shown in Table 3 , strabismus patients with diplopia reported significantly higher levels of symptom burden than those without diplopia, in terms of blurred vision (χ 2 = 15.96, p = 0.00), monocular vision (χ 2 = 6.08, P = 0.01), physical discomfort (χ 2 = 8.93, p = 0.00), eye fatigue (χ 2 = 5.52, p = 0.01), failure to estimate depth well (χ 2 = 16.17, p = 0.00) and increased deviation size (χ 2 = 8.29, p = 0.00).
Discussion
The study examined the impact of having strabismus on patients' QoL through qualitative interviews and cross-sectional survey, and accordingly, a conceptual model was developed from the patients' perspectives (Fig. 1) . The model lists a series of strabismus symptoms complained frequently by the patients, including blurred and monocular vision, physical discomfort, eye fatigue, double vision, depth perception, increasing deviation size, compensatory body posture. Symptoms burden and appearance are the two original reasons for the decrease of QoL, and they are also the triggers for strabismus patients to visit clinics and undergo surgery. Although these symptoms are not directly responsible for the declined strabismus-related QoL, the symptoms do place a wide-ranging detrimental impact on the patients' daily activities, personal development, emotions and social interaction, which consequently contributed to the declined QoL. This finding implies that the QoL of strabismus patients could be greatly improved if the problems regarding the symptoms and appearance could be solved, and these improvements could positively impact their daily activities, personal development, emotions and social interaction. The management of symptoms should be considered when treating adult strabismus patients. The participants in the study reported a high level of disturbing symptoms related to strabismus. The symptoms burden of blurred vision, monocular vision, physical discomfort in eyes and eye fatigue were commonly complained. As the conceptual model shows, although the symptoms burden was not directly responsible for the declined strabismus-related QoL, the symptoms did negatively impact the patients' daily activities, personal development, emotions and social interaction, which consequently contributed to the declined QoL. The findings were consistent with those of previous studies. Simonsz and colleagues [3] have collected complaints about how amblyopia and strabismus affected daily life from outpatients and then summarized into five main domains: "fear of losing the better eye", "distance estimation", "visual disorientation", "diplopia" and "problems with social contact and cosmetic problems". In another qualitative study, the most frequent complaints mentioned by adults with strabismus were extracted from an analysis of 30 interviews [23] , and it was found that negative feelings, general disability, difficulties with driving, interpersonal relationships and problems with eye contact were the primary issues.
The apparent impacts of strabismus symptoms on QoL may also explain why QoL could be significantly improved after a strabismus surgery. According to our conceptual model, it was reasonable to assume that physical and psychosocial functions and overall QoL could be greatly improved after the relief of strabismus symptoms. This hypothesis has been proven by a series of previous studies that strabismus surgery could diminish or at least alleviate strabismus symptoms, and further improved patients' psychological and functional outcomes [17, 19, 22, 25, 26] . For example, in Holmes and et al.'s study [17] , the overall scores of adult strabismus questionnaire (AS-20) were significantly improved from 6 weeks to 1 year following strabismus surgery among adult patients, as were the psychological and function subscale scores. The long-lasting, positive impacts on the HRQoL were particularly significant when the patients remain successfully aligned and diplopia-free after surgery. As the authors concluded, "these data provide further evidence of the comprehensive HRQoL benefits of strabismus surgery". In another study by Nelson et al. [27] , they examined psychosocial concerns and satisfaction before and after corrective surgery in 128 teenagers and adults. Following surgery, most participants reported their satisfaction with the ocular realignment and the improvements in their self-esteem, abilities to meet new people and interpersonal relationships. In addition to the improvements in QoL and satisfaction after strabismus surgery, the levels of anxiety and depression have been significantly decreased [26] . Although strabismus surgery has been regarded as the most effective method of improving patient QoL, 84% of the patients still believed that their eyes were still not aligned after the surgery [28] , highlighting a possible persistent effect on QoL.
An increasing number of studies have found a distinction between patients with and without diplopia, although a number of common concerns were reported across the two groups. It was revealed that adult patients with diplopia predominantly reported physical disabilities and difficulties in vision-related functions, such as fine work and driving, while those without difficulties showed more concerns about appearance and psychosocial functioning [29] . According to previous literature and our qualitative findings, the possible reason we assumed for this difference was that double vision contributed greatly to the high risk of falling and unintended injuries through impaired eye functions. For the patients with diplopia, as their basic demands of individual safety were threatened, it was no wonder that psychosocial difficulties became less of a concern. The significant differences between the patients with and without diplopia were also examined in our survey. As shown in Table 3 , patients with diplopia were more likely to be disturbed by strabismus symptoms in contrast to those without diplopia. It is necessary to note that corrective surgery could not always successfully eliminate diplopia, particularly if strabismus develops after the age of visual maturity. In a prospective study, only 57% of patients with diplopia were found to have had no diplopia post operation [30] . Therefore, suggestions to ophthalmologists and nurses are that more attention should be placed on strabismus patients with diplopia both before and after surgery, and more clinical research are needed to explore effective interventions to treat diplopia. Currently several studies have focused on the development of instrument to better quantify the diplopia and in the exploration of more effective treatments [30] [31] [32] [33] .
As shown in the conceptual model ( Fig. 1) , symptom burden and appearance were the two original reasons for the decrease of QoL, and they were also the triggers for strabismus patients to visit clinics and undergo surgery [34] . The eyes were regarded as being particularly important to facial appearance and perceived attractiveness. Unsurprisingly, ocular misalignment exerted considerable impacts on QoL. Appearance cannot decrease the QoL directly, but it can affect QoL by influencing a person's self-appraisal, emotions and social contact. Particularly in Chinese culture, the face is closely associated with a person's social status and feelings of embarrassment, dignity and disgrace. There was even a traditional saying, "losing face", which was used to describe the status of feeling shame, awkward and indignity. Realignment surgery could improve appearance greatly. Therefore, it was generally regarded as cosmetic, and adult strabismus surgery was not covered by Chinese health insurance. In our interview, this issue was spontaneously brought up by the participants. As strabismus patients usually have lower levels of education and income, compared to unaffected adults [11] , the surgery fee was an economic burden to them, particularly for those who had to undergo surgery several times. The primary obstacle for their delayed treatment to adulthood was their ignorance of the disease. Most patients thought that their appearance and strabismus were a curse and could not be cured. In this sense, health education should be provided to the public, particularly to parents, to raise their awareness about strabismus, its long-lasting negative impacts and its early interventions.
Conclusions
To the best of our knowledge, this study is the first to examine quality of life among Chinese strabismus patients by using a mixed-method approach, and based on the results, we proposed a conceptual model. The conceptual model was expected to provide readers a framework about the various concepts that were associated with the strabismus-specific QoL and the links between the concepts. Moreover, it could enlighten the potential targets to develop interventions to improve QoL.
As shown in the study, symptoms burden and poor appearance were the two primary reasons for the declined QoL in patients with strabismus, and these two factors were also the triggers for patients undergoing surgery. Therefore, eliminating strabismus-related symptoms should be addressed first when improving QoL. In addition, more consideration should be given to patients with diplopia. 
